Abstract. Fire and grazers (such as Bison bison) were historically among the most important agents for maintaining and managing tallgrass prairie, but we know little about their influences on water-quality dynamics in streams. We analyzed 2 y of data on total suspended solids (TSS), total N (TN), and total P (TP) (3 samples per week per stream during flow) in 3 prairie streams with fire and bison grazing treatments at Konza Prairie Biological Station, Kansas (USA), to assess whether fire and bison increase the concentrations of these water-quality variables. We quantified the spatial and temporal locations of bison (,0.21 animal units/ha) with Global Positioning System collars and documented bison trails, paw patches, wallows, and naturally exposed sediment patches within riparian buffers. Three weeks post-fire, TN and TP decreased (t-test, p , 0.001), but TSS did not change. Bison spent ,6% of their time within 10 m of the streams, increased the amount of exposed sediment in the riparian areas, and avoided wooded mainstem branches of stream (x 2 test, p , 0.001). Temporal trends suggest that low discharge or increased bison density in the stream may increase TSS and TP during the summer months. Our results indicate a weak connection between TSS and nutrients with bison access to streams over our 2-y study and indicate that low TSS and nutrients characterize tallgrass prairie streams with fire and moderate bison densities relative to surrounding land uses.
The tallgrass prairie ecosystem possesses historical and intimate connections with fire and bison (Bison bison), so both should be studied when considering drivers of prairie stream ecosystem properties. Grasslands worldwide have coevolved with herbivores. In the Great Plains region of the USA, prairies have most recently evolved with Bison bison, the North American Bison (Stebbins 1981) . Bison herds of 10-60 million were recorded by early settlers in the Great Plains, but by 1830 the species was near extinction because of hunting (Flores 1991, Shaw and Lee 1997) . Strong firegrazing interactions in grasslands result in shifting mosaics of vegetation structure and quality through a series of recursive feedbacks (Fuhlendorf et al. 2009 , Allred et al. 2011a ), but how these feedbacks influence aquatic ecosystems is not well understood.
Prairies in regions with sufficient moisture to support trees are maintained as grasslands by a regular fire disturbance regime that enables grasses to thrive and eliminates or reduces woody plants (Stewart 1951) . Surprisingly little research has been dedicated to fire effects on tallgrass prairie streams despite a recurrence interval of 1 to 10 y (Abrams 1985) . Fire can decrease soil water-infiltration capacity and remove ground cover, which can lead to increased overland flow and soil erosion. In highrelief forested ecosystems, debris flows and high sedimentation have occurred following wildfire (Meyer et al. 2001 , Moody and Martin 2001 , Smith et al. 2010 ). Nevertheless, a study at Konza Prairie in Kansas (USA) suggested that burning did not significantly increase sediment loss or overland flow on the landscape (Duell 1990 ). Dodds et al. (1996) found that total N (TN) and NO 3 2 concentrations in the water column increased as a function of number of days and years after fire in tallgrass prairie. However, they also found that N transport was related primarily to stream discharge. We are aware of only one study of stream sediment dynamics following fire in tallgrass prairie (Larson et al. 2013) , and the nutrient trends in the literature are still unclear. After a prairie burn, large ungulates increase their time spent in burned areas (Daubenmire 1968 , Vermeire et al. 2004 . Thus, the presence of bison on burned ground could lead to interactive effects of fire and grazing on water quality.
Bison may affect water quality by their movement across the landscape and within creeks. Streams can be natural pathways for animal movement (Butler 1995) . Animals tend to avoid traversing steep slopes and prefer to travel on gradually sloping terrain (Bruggeman et al. 2008) , such as near flood plains and valley bottoms. Bison create well established stream crossing trails that can alter habitat by widening the channel and increasing the silt fraction of substrates, especially during storm flows (Butler 1995 , Fritz et al. 1999 . Trampling through streams could lead to sediment and nutrient suspension.
Other bison behaviors-grazing, foraging, wallowing, and pawing (a term that refers to intentional soil disturbance with hooves)-may affect water quality if the effects of these activities are functionally connected to streams by hillslope transport pathways. These bison behaviors increase bare ground and potential for sediment delivery to stream channels (Kondolf 1993, Greenwood and McKenzie 2001) . Bison wallow regularly for many reasons, including shedding, rutting, group unity, itching, removing ectoparasites, and thermoregulation (McMillan et al. 2000) . Wallowing can create patches of bare and compacted soil susceptible to erosion. Bison urinate in the wallows for either rutting or group cohesion, and this behavior could increase NH 4 + and TN in the wallows and streams. Bison also paw large patches of soil adjacent to stream banks, perhaps to obtain minerals. All of these actions could increase sediment and nutrient input into streams.
Despite our increasing knowledge of the importance of fire and grazing in terrestrial grassland ecology (Knapp 1998 , van Langevelde et al. 2003 , Archibald et al. 2005 , little research has been done to investigate the influence, including sediment and nutrient export dynamics, of fire and bison on prairie streams. Thus, the primary objectives of our study were to assess whether relationships exist among tallgrass prairie stream concentrations of total suspended solids (TSS), total N (TN), and total P (TP) and prairie burning, bison grazing, and areal extent and type of bison effects near the stream from pawing, wallowing, and development of stream trail crossings. We quantified the proportion of time bison spent within watersheds and the riparian zone with data from Global Positioning System (GPS)-collared bison. We compared watersheds disturbed by bison and fire with reference watersheds and watersheds dominated by row-crop agriculture in this ecoregion.
Methods

Stream descriptions
We studied 3 headwater intermittent tallgrass prairie streams on Konza Prairie Biological Station (KPBS) in northeastern Kansas, USA (lat 39u5 9 55.65 0 N, long 96u36 9 19.91 0 W; Fig. 1 ). The KPBS is a large tract of unplowed, native tallgrass prairie (3497 ha) that is owned by the Nature Conservancy, managed by the Division of Biology at Kansas State University, and part of the Long-Term Ecological Research (LTER) network. Ivan soils (4051 Ivan Silt Loam) dominate floodplains and are characterized as deep and moderately well drained with numerous rock fragments (Oviatt 1998) . The stream substrate consists mostly of limestone and shale rock fragments, and limestone bedrock is exposed in short segments of the streams.
We acknowledge that our study lacks replication at the watershed scale and includes pseudoreplicated water samples. We were able to monitor only 2 bisongrazed watersheds and 1 control (no bison grazing) watershed because of the rarity of headwater streams grazed by bison (and without other conflicting upstream land uses, such as row-crop agriculture). Furthermore, all of the watersheds have been under different burn regimes for the last 15 y. All 3 study streams (Shane, N2B, and N4D) are characterized by native tallgrass prairie uplands and discontinuous riparian gallery forests with minimal human influence other than prescribed fire and bison management that mimics historical tallgrass prairie conditions (Knapp 1998 We manually delineated and measured watershed attributes, such as watershed area, longitudinal stream slope, stream sinuosity, floodplain area, and floodplain slope (Table 1) in ArcGIS (version 9.3; Environmental Systems Research Institute, Redlands, California). We digitized streams from a 2-m digital elevation model (DEM) based on the curvature of the stream morphology from the point of water sampling to the point where the streams terminated into hillslope. We calculated longitudinal stream slope as the difference between the high and low points of the streams divided by their length, and we calculated sinuosity as the length of the streams divided by the straight-line lengths. We digitized floodplain areas from the DEM as the flat area adjacent to the stream channel. We used the slope tool in ArcGIS to calculate the average floodplain slope. We used an interactive supervised classification method in ArcGIS to quantify woody riparian vegetation. We compiled discharge data (Q) for N2B only. We measured Q at 
TSS
Beginning May 2009 and ending September 2010, we collected TSS from each stream 2 to 3 times/wk when streams flowed. We took samples from the same location at the base of the watershed just above the weirs every sampling period. We sampled from the center of the channel in a location where water was §10 cm deep with care not to disturb benthic sediments at or upstream from the sampling location. If bison were in the water upstream of the sampling site at the time of sampling, we noted their presence. We also documented stormflow conditions, defined as an increase in Q (of any magnitude) following a precipitation event. We analyzed and calculated TSS, volatile suspended solids (VSS), and total inorganic solids (TIS) according to ESS Method 340.2 (USEPA 1997). We also dried and weighed filters a 2 nd time to ensure that hydration did not confound results. Rewetting and redrying of multiple samples yielded ,1% change in the measured mass, so this procedure was discontinued after the first few months of sampling.
Nutrients
We collected water samples for nutrient analyses from the same locations as TSS in acid-washed bottles 3 times weekly from May 2009 to September 2010. We stored samples at 230uC until analysis. We analyzed unfiltered stream water for total N (TN) and total P (TP) concentrations by a persulfate oxidation method (Ameel et al. 1993) in triplicate with an OI-Analytical Flow Solution IV autoanalyzer (O.I. Corporation, College Station, Texas) and averaged values.
Exposed sediment patches
We quantified the areas and slopes of all exposed sediment patches within 10 m of the stream channel to account for differences in potential sediment delivery to the bison-accessible streams N2B and N4D. Both watersheds were walked from the point of water sampling to the point upstream where the visible channel terminated to hillslope once in 2010. Exposed sediment patches within 10 m of the channel (i.e., riparian zone) were grouped into 3 source categories: 1) bison-pawed patches, 2) bison wallows, and 3) natural bare banks ( Fig. 2A-C ). Wallows and paw patches are bison-caused exposed patches and have distinct identifying features. Wallows are circular depressions on low-sloped terrain, and paw patches are typically on benches, have a distinct break in slope with the stream bank, have hoof markings, and are connected to bison trails. Naturally bare banks are defined as exposed patches above bankfull and cut banks that are in-stream exposures from water erosion. Bare banks are likely to be natural and not bison induced, but heavy trampling may increase the number and area of bare-bank patches. The criterion we used for measurement was §0.6 3 0.6-m area with ,40% cover by stabilizing vegetation or large rock. We marked patch locations via GPS and measured area and slope for each exposed sediment patch with survey tape and a digital level. We counted the number of bison crossings at N2B and N4D and marked their locations using GPS. The crossings were separated into mainstem (a 3 rd -order stream section) and tributaries (,3 rd -order stream sections).
Fire
We continued triweekly sampling of TSS and nutrients before and after a prescribed fire at Shane Creek on 3 March 2010. We used rainfall data obtained from a rain gauge stationed at the headquarters of KPBS to assess whether rainfall occurred within the 3 wk after prescribed burns (raw data available at: http://www.konza.ksu.edu).
Bison locations
Between 2008 and 2010, the Konza bison herd averaged 380 6 31 before cull and decreased to 290 6 19 individuals after cull in early November. We chose a 3% subset of matriarchal females for year-round tracking via TelonicsH GPS collars (accuracy = ,4 m; Telonics, Mesa, Arizona) set to record data at 2-h intervals. We mapped and analyzed bison location data in ArcGIS to identify the overall density and frequency of bison within 10 m of the streams in both bison watersheds and to describe temporal dynamics of riparian use by the bison. We normalized data for area within each watershed.
Statistical analyses
Statistical analyses were run in SAS (version 9.1.3; SAS Institute Inc., Cary, North Carolina) and R (version 2.1.3; R Development Core Team, Vienna, Austria), with additional use of the R packages: vegan (Oksanen et al. 2011) , BiodiversityR (Kindt and Coe 2005) , car (Fox and Weisberg 2011) , coin (Hothorn et al. 2006) , and labdsv (Roberts 2010 outliers (n = 6; defined as §3 standard deviations from the mean) arose during storm flow or when bison were in the stream while we were sampling. We removed the outliers and repeated the analyses, but trends were consistent between analyses with and without outliers (data not shown), so we report results with outliers included to provide the most conservative estimates. We report median sediment and nutrient concentrations because rare events (such as storms and bison in the streams while sampling) had a disproportionate effect on the mean. The TSS data violated assumptions of normality and equal variances, so we analyzed them with nonparametric tests. In an analysis of temporal autocorrelation, we found no statistical correlation after 4 wk, so we blocked data by month (roughly 4 wk). We used Friedman's Test (nonparametric analysis of variance with repeated measures with data blocked by month) followed by a post-hoc Mann-Whitney U test with Bonferroni correction to test whether TSS, TIS, VSS, and VSS:TIS varied among the 3 watersheds (2 grazed, 1 ungrazed). We pooled data from all streams and used Kendall's t rank correlation to assess whether TSS, VSS, TIS, and VSS:TIS were correlated with nutrients, discharge, rainfall, stormflow events, or bison presence in the stream during sampling. We used MannWhitney U tests to assess whether TSS increased in the 3 wk post-fire (after 3 wk, regrowth of grasses covers the bare soil) and whether the areas and slopes of the exposed sediments (natural and bison-induced) differed among watersheds.
Nutrient values required log(x)-transformation to meet normality assumptions. We used 1-way analysis of variance (ANOVA) and post hoc Least Squares Differences (LSD) to test for differences in nutrient concentrations among streams. We used Student's ttests to evaluate whether fire altered nutrient concentrations. 
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We used a x 2 goodness-of-fit test to compare the amount of time bison were present in the tributaries vs mainstem branches and riparian vs upland locations between the 2 grazed watersheds. We also used a x 2 goodness-of-fit test to indicate which watershed characteristics (e.g., floodplain slope; Table 1 ) differed between watersheds.
We used principal component analysis (PCA) to illustrate the relationships among the response variables and to assess the similarities and differences among the 3 streams. We used TSS, VSS:TIS, TN, TP, and the TN:TP molar ratio as response variables. We also used a multiple linear regression with log(x)-transformation to determine if stormflow, bison presence in the stream during sampling, and fire explained significant amounts of variation in TSS, TN, and TP.
Results
Total suspended solids
TSS differed significantly among the streams (x 2 2df
= 204.05, p , 0.001; Table 2 , Fig. 3A ), but not between grazed and ungrazed watersheds (mean rank by watershed = 340 for N4D, 172 for Shane [ungrazed] , and 106 for N2B). Median TSS values were 103 greater at N4D than at the other 2 streams (Fig. 3A) . These differences among the streams were consistent for VSS (x (Fig. 4A-C) . We removed the TSS data for the dry months and reran Friedman's test to assess whether TSS differed among streams during the months with flow and still detected a ,103 difference at N4D (x 2 2df = 226.38, p , 0.001). However, TSS was generally 53 greater when bison were in the stream during sampling (t = 0.137, p = 0.003; Table 2 ). For the linear model, TSS < Stormflow + BisonPresence + Fire, the variables Stormflow (b = 3.65, t 471 = 8.736, p , 0.001) and BisonPresence (b = 0.93, t 471 = 3.125, p = 0.002) were significant predictors, but Fire was not. The total amount of variance explained by this model was 17.5%.
At N2B, daily mean Q was positively correlated with TSS (t = 0.146, p = 0.02), VSS (t = 0.150, p = 0.02), and TIS (t = 0.1523, p = 0.01), but not VSS:TIS (t = 0.105, p = 0.19). TSS was positively correlated with small rainfall events ,24 mm/d (t = 0.194, p , 0.001) and larger stormflow rain events .24 mm/d (t = 0.167, p , 0.001). Q was correlated with month (t = 0.254, p = 0.006) and increased from January until July. This increase corresponded to an increasing trend in TSS (Fig. 4A-C 
Exposed sediment patches
In comparisons of exposed sediment characteristics between the bison-grazed watersheds (N4D and N2B), all values are reported as standardized by stream length. The total amount of exposed sediment was similar between watersheds (N2B: 0. Table 1 ). The slopes of all types of exposed patches did not differ in either watershed (U = 3693, p = 0.675), had a median of 32u, and ranged from 4u to 85u. For both watersheds, §½ of the total exposed sediment area was contributed by bare banks (Table 1) . We analyzed the total amount of exposed sediment from 200 m upstream of the water sampling locations to determine if high sediment exposure resulted in high TSS in N4D (N2B: 254 m 2 , N4D: 117 m 2 ). Thus, the amounts of exposed sediment near the sampling source and throughout the watershed were not driving the 103 difference in TSS between these streams.
The areas of wallows and pawed patches (bisoninduced exposed sediments) did not differ from the area of bare banks (p = 0.184) because many barebank areas were small and some pawed patch areas were large (up to 80 m 2 ). We counted 8 wallows and 32 paw patches within N4D's 10-m streamside buffer, and 10 wallows and 12 paw patches within N2B's 10-m streamside buffer. Watershed N2B had twice as much area of wallows (resulting from more wallows and larger wallow size) and half as much area from pawed patches (Table 1) . At both streams, wallows were low-slope depressions (22 6 1.5% [SD] ) and the distance averaged 6 m 6 5 m) from the stream bank.
Fire TSS concentrations did not increase during the 3 wk after a prescribed prairie burn at Shane Creek in March 2010 (U = 623, p = 0.901). A total of 51 mm of rain fell from the start of the burn (which exposes soil) to 3 wk later (assuming grass reestablishment). Two rain events .14 mm occurred on 1 d. The fire reduced TN by 50% and TP by 200% (p , 0.001), but the TN:TP molar ratio increased (p , 0.001) 173 because the effect of fire was greater on TP than on TN. The linear regression model, TP < Stormflow + BisonPresence + Fire also showed that Fire significantly decreased TP (b = 20.52, t 471 = 22.419, p = 0.016). Despite the immediate consequence of burning, the burn intervals of 1, 2, and 4 y did not substantially alter TSS concentrations. N4D had the highest TSS concentrations but the longest burn interval (4 y). Shane Creek had an annual burn interval, but low TSS and similar nutrient concentrations relative to the less frequently burned watersheds.
Bison locations
Bison were observed more frequently in the stream during sampling of N4D (n = 7) than of N2B (n = 1). Bison were observed in the stream during sampling immediately above the N4D sampling site during June, July, and August-a time during which sediment concentrations and TP spiked and the other bisonaccessible stream, N2B, was dry (Fig. 4A, B) . This finding also corresponds with the GPS data, which showed that bison were observed 43 more often in N4D than N2B during these months (Table 3, Fig. 6 ). However, bison presence in the riparian buffer was 83 higher in December, January, and February than in other months (Fig. 6) , a time when TSS concentrations were lowest and nutrients were highest.
Trends in the locations of GPS-collared bison were consistent across years sampled and between watersheds (Table 3) . We standardized all GPS data by [Volume 32 stream length. Bison were tracked more often in headwater tributary zones than the 3 rd -order mainstem zones (p , 0.001). Bison spent a maximum of 6% of their time in the riparian zone and streams, and most of that time was spent in the riparian zones of tributaries (p , 0.001). In both years, bison spent nearly 23 as much time in N4D as in N2B (p , 0.001; Fig. 7, Table 3 ). In both streams, ,60% more wooded vegetation occurred at mainstem branches than at tributaries (Table 3) . This difference may account for bison preference. The riparian zones in the bison watersheds make up 12 to 13% of the total watershed area, but bison spent only 6% of their time in the 10-m riparian zone, a result that suggests they may be selecting against riparian areas. The density of bison trail crossings was 48% greater in N2B than N4D. The density of trails at N2B was 0.024 crossings/m of stream length, compared to only 0.016 crossings/m at N4D. A bison stream crossing was documented approximately every 41 m of stream length at N2B and every 67 m at N4D.
Discussion
Our observed effects and discussion points should be considered tentative because our study design could not include true replication at the primary scale of interest and may have contained confounding factors (i.e., burn regime and other unmeasured watershed-scale differences, such as geology). Fire regime differed in each watershed and potentially confounds the effects of fire and bison on waterquality variables. Pseudoreplication occurred when water was sampled 3 times weekly at the same streams because the water samples were not independent of one another. However, our analysis of temporal autocorrelation and subsequent data treatment (i.e., blocking) minimized effects to the F-ratio. The strength and unique aspect of our study (e.g., long-term water-quality monitoring in bison-grazed watersheds in remnant tallgrass prairie) also is its statistical shortcoming. Therefore, future studies will be required to assess further the effects of bison on water quality and of other managed ungulates like elk and cattle on the tallgrass prairie.
The effects of bison presence and prescribed prairie burning on suspended sediment and nutrient concentrations appeared minor in the KPBS study catchments. The small amount of time (,6%) spent by bison in the streams could explain why their effect on TSS and nutrients was minimal. Bison did increase TSS while standing in the stream and increased bare soil by wallowing and pawing in riparian areas, but their presence in the watersheds did not increase The slight differences in nutrient concentrations among watersheds cannot be attributed clearly to bison, but burning did temporarily decrease nutrient levels.
We did not detect a direct effect of fire on TSS, but we did observe a significant decrease in nutrients. Prairie burning at Shane Creek and throughout the Great Plains typically occurs during early spring, a time when precipitation is greatest, and the potential for overland flow is high because of lack of vegetation. Above-ground biomass is completely burned during fires, but the roots still bind the soil because of stimulated root production (Johnson and Matchett 2001) , making overland erosion unlikely on Konza Prairie (Oviatt 1998) . During the 3 wk after fire when the soil was bare, relatively low amounts of precipitation (,16 mm/d) occurred on 7 days. The prescribed fire at Shane Creek reduced TN 50% and TP 200%, a trend consistent with reductions observed after 2 other tallgrass prairie burns (Larson et al. 2013) . Nutrient reduction might have been caused by algal growth and nutrient uptake in response to increased light availability after burning. We were able to document fire effects only in an ungrazed watershed, so future investigators should examine whether introduction of grazers shortly after fire (a common practice in tallgrass prairie) alters TSS concentrations in streams.
Multiple lines of evidence suggest that bison prefer certain watersheds and that these preferences may change over time. Our GPS and observational data (Knapp et al. 1999 ) and avoid wooded areas (Allred et al. 2011b) . Our data showed that the bison spent a larger proportion of time in the smaller upland tributaries, which had less riparian woody cover (Table 3) , than in the mainstems. Woody vegetation dominates the mainstem riparian zones of our study streams, and thick forest galleries surrounding the mainstem may hinder or deter access for bison. Avoidance of the wooded mainstems could be a result of lack of food, desire to be in windy areas to deter insects, or hindrance of animal movement.
How trends in animal density and seasonal patterns of grazing are connected to nutrient and sediment dynamics is not obvious. A seasonal 103 spike in TSS concentrations (Fig. 4A-C) , an increase in TP, and a 43 increase in bison use at N4D compared to the dry N2B stream occurred during late summer and early autumn (Table 3) . Thus, we can hypothesize that the bison had moved to N4D to have better access to water, resulting in the observed seasonal increase in TSS and TP concentrations in N4D. Bison require more water in summer than in other seasons because of increased metabolic activity and often shift from upland grazing to lowland grazing where plant productivity is greater (Knapp et al. 1999) . In winter, bison eat snow to meet their water needs, a behavior that could limit the need to access streams. However, bison abundance in the riparian buffer and streamwater TP concentrations were highest in winter. Bison probably congregate in the lowlands in winter to shelter from cold and to obtain drinking water because snow is not prevalent at KPBS most years. Bison use of lowlands decreases in the summer and increases in the winter months (Fig. 6) . If bison density affects waterquality variables, then sediment and nutrient concentrations could be seasonally influenced.
We monitored suspended sediment and nutrient export dynamics, but we were unable to detect potential local effects from fire and bison. Nutrient and sediment inputs may be limited to the site of impact and not the entire stream network. Headwaters often retain sediments and nutrients (Alexander et al. 2007) , which could cause a failure to detect treatment differences based on our analyses of samples collected at a single station at the outlet of the watershed. Our analysis of total exposed sediment near the watersampling location suggests exposed sediment could not explain the 103 increase of TSS at N4D. However, moderate bison use of the stream near the sampling location (Fig. 7) could have influenced TSS concentrations. A previous study showed locally constrained effects of bison at stream crossings, which had lower macroinvertebrate richness and greater amounts of fine sediments compared to sites immediately upstream from the crossings (Fritz et al. 1999) . Bison do heavily trample the permanent springs on KPBS when most of the ephemeral reaches are dry and export is not possible (data not shown). Bison and fire could have significant local consequences for the biological communities and geomorphology that we did not measure.
Cattle are often viewed as potential surrogates for bison in Great Plains grasslands. These large ungulates are closely related and feed differently than other large herbivores native to the ecosystem (e.g., deer are browsers). Cattle and bison enhance prairie vegetation diversity similarly (Collins et al. 1998 ) and facilitate soil nutrient cycling (Knapp et al. 1999) . However, few studies have examined the in-stream effects of either species in tallgrass prairie. Bison and cattle differ in their water consumption and locations of grazing lawns. Cattle prefer lowland grazing and require more water than bison (Christopherson et al. 1979 , Allred et al. 2011b , so their effects on streams may differ. Baseline reference data for effects of bison on sediment and nutrient concentrations are needed to make comparisons to effects of cattle. Bison and cattle stocking densities must be taken into account when comparing animal effects. Bison densities at KPBS are considered low to moderate density (,0.21 AU/ha), whereas cattle densities in the Flint Hills region of Kansas are often 0.8 AU/ha or greater (Derner et al. 2006) . Continuous cattle grazing can cause substantial increases in sediment and nutrient loss in Kansas (Olness et al. 1975) , and we presume these sediments and nutrients enter waterways. More research is needed to compare the impacts of bison vs cattle in prairie streams because current knowledge hints at important species differences.
The greatest sediment and nutrient values recorded in our study fall below current ranges for most streams across this ecoregion. 
